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Magnitude and Frequency of the Floods of January 1997 in 
Northern and Central California Preliminary Determinations
by Richard A. Hunrichs, David A. Pratt, and Robert W. Meyer

ABSTRACT

Preliminary determinations of the 
magnitude and frequency of peak flows resulting 
from the storms of December 1996 and January 
1997 were made at 292 streamflow gaging stations 
located in 45 counties in northern and central 
California. Peak flows were the largest on record at 
106 stations, and recurrence intervals were greater 
than 100 years at 32 stations. Two separate 
frequencies were determined for the 1997 peak 
flow at each streamflow station: a frequency based 
on an analysis that includes annual peak flows 
through the 1996 water year (ending September 
30, 1996) and a frequency based on an analysis 
that includes the 1997 peak.

INTRODUCTION

The beginning of 1997 brought widespread 
flooding to northern and central California. Peak flows 
on January 1 and 2 were the largest ever recorded at 
many streamflow gaging stations. Runoff volumes also 
were exceptionally high, overwhelming flood-control 
systems in some areas. The flooding has been 
described as the largest and most extensive flood 
disaster in the State's history (Flood Emergency Action 
Team, 1997). State and Federal officials declared 48 of 
California's 58 counties as disaster areas, extending

from the Oregon border in the north to San Luis Obispo 
County in the south (fig. 1). Nine deaths were 
attributed to the storms and more than 120,000 people 
were forced from their homes. Nearly 300 square 
miles were flooded and damages totaled almost $2 
billion.

The flooding resulted from a weather pattern that 
brought a series of storm systems to the state during 
December 26,1996, to January 3,1997. Warm moist 
air from the southwest encountered the coast ranges 
and the Sierra Nevada, dropping large amounts of rain 
(fig. 2) on watersheds already saturated by storms 
earlier in December. The warm rains melted the 
existing snowpack at low elevations in the Sierra 
Nevada, adding to the runoff.

The U.S. Geological Survey (USGS), in 
cooperation with the Federal Emergency Management 
Agency (FEMA), has made preliminary 
determinations of the magnitude and frequency of peak 
flows at 292 streamflow gaging stations (fig. 3) located 
in 45 of the 48 declared counties. (Three declared 
counties Kings, San Francisco, and Solano had no 
streamflow data available.) Flood magnitude and 
frequency information was needed to evaluate flood- 
hazard mitigation efforts following the floods and is 
useful for the delineation of flood-prone areas, land-use 
planning, and structural design for flood protection, 
transportation, and water supply.
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EXPLANATION

DECLARED COUNTIES

DECLARED COUNTIES 
WITHOUT DATA

UNDECLARED COUNTIES

Figure 1. California counties declared as State and Federal disaster areas due to flooding in January 1997. Only streamflow stations in 
declared counties are included in this report.
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EXPLANATION

PRECIPITATION IN 
INCHES

Figure 2. Total precipitation, in inches, for December 26,1996, to January 3,1997, in northern and central California (from Flood Emergency 
Action Team, 1997).
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Figure 3. California map showing the location of 292 streamflow gaging stations. Preliminary determinations of the magnitude and 
frequency of 1997 peak flows at these stations are presented in this report.

4 Magnitude and Frequency of the Floods of January 1997 in Northern and Central California Preliminary Determinations



METHODS

Flood Data Compilation

Station Selection

Streamflow stations were selected for this report 
based on several criteria. Only stations located within 
the 48 counties declared as disaster areas that had a 
minimum of 10 years of systematically collected 
annual peak-flow records (systematic records) were 
considered. In addition, stations were included only if 
the 1997 peak flow could be determined with 
reasonable accuracy. Both active stations and selected 
discontinued stations were included. Active stations 
include stations operated during the 1997 water year 
(October 1996 through September 1997) by the USGS 
and stations operated by others whose records are 
reviewed and published by the USGS. Discontinued 
stations were included if a peak stage could be 
recovered at the old gage location and a peak flow 
determined based on a previously determined relation 
between stage and flow. Special visits were made to 
discontinued stations, most of which had a minimum of 
15 years of record extending through at least the 1986 
water year (a significant flood year). Of about 360 
stations considered for inclusion (280 active, 80 
discontinued), 292 are included in this report (242 
active, 50 discontinued).

Peak-Flow Determination

Streamflow stations in operation during the 1997 
water year recorded stage (gage height) at regular 
intervals (typically 15 minutes). The maximum 
recorded value was used as the peak stage unless 
physical evidence (high-water marks) in the stream 
channel or the gage structure indicated a significantly 
different value. Recorded stages were confirmed by 
high-water marks, if possible. At discontinued 
stations, or at stations destroyed or disabled during the 
flood, high-water marks in the stream channel or in the 
gage structure were used to determine the peak stage.

In almost all cases, peak stages are converted to 
flow (discharge) using an established stage-discharge 
rating (relation between stage and discharge). A 
variety of information is used in defining a stage-

discharge rating, including direct measurements of 
flow using current meters and indirect measurements of 
flow using field surveys of high-water marks and the 
geometry of the channel (and structures in the channel, 
if applicable). Theoretical considerations allow for 
limited extension of ratings beyond the range of 
measured flows. At a very few stations, discharge is 
determined using other instrumentation, such as 
ultrasonic velocity meters.

The peak stages and flows presented in this 
report, and the associated frequencies, are preliminary 
and subject to revision. Final stage and flow values will 
be published in the USGS report "Water Resources 
Data, California, Water Year 1997."

Peak-Flow Information

The Geological Survey maintains a long-term 
record of peak flows in the national Water Data Storage 
and Retrieval (WATSTORE) system. The WATSTORE 
data base contains peak-flow information at Streamflow 
stations published by the Geological Survey. It 
includes information on peaks observed during the 
period of systematic data collection and, for some 
stations, historic peaks observed outside the period of 
systematic data collection. Published peak-flow 
information used in this analysis is available in USGS 
Water-Supply Paper compilation reports (WSP's 1314, 
1315-A, 1315-B, 1734,1735,1927,1929,1930,1931, 
2127,2129,2130,2131), annual Water Resources Data 
reports for California (1971-current), and in the Water- 
Supply Paper series "Magnitude and Frequency of 
Floods in the United States" (WSP's 1684, 1685, 
1686). These data are also available over the Internet 
at: http://water.usgs.gov.

Flood-Frequency Analysis

Flood frequencies for the 1997 peak flows are 
presented in two ways in this report: annual exceedance 
probability, in percent, and recurrence interval. 
Exceedance probability and recurrence interval are 
reciprocal expressions of frequency. The exceedance 
probability is the chance that a peak flow of the 
magnitude experienced in 1997 will be equaled or 
exceeded in any one year. The recurrence interval 
expresses that same probability as the long-term
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average interval between peaks equal to or exceeding 
the magnitude of the 1997 peak flow. Thus, a peak flow 
with a 1 percent chance of being equaled or exceeded 
in any given year has a 100-year recurrence interval (1 
percent = 1/100). For ease of discussion, frequencies 
are generally expressed as recurrence intervals hi this 
report.

Two separate frequencies were determined for 
the 1997 peak flow at each streamflow station: a 
frequency based on an analysis that includes annual 
peak flows through the 1996 water year (ending 
September 30,1996), and a frequency based on an 
analysis that includes the 1997 peak. For the 
Cosumnes River at Michigan Bar (station 11335000, 
fig. 4), based on the frequency analysis of peaks 
through 1996 (fig. 4A), the recurrence interval of a 
peak equivalent to the 1997 peak is 263 years. 
However, based on the analysis that includes the 1997 
peak (fig. 4B), the recurrence interval drops to 152 
years. Figure 4 shows how the frequency curve and the 
plotting positions of the annual peaks change in 
response to the addition of a new peak of record.

A flood-frequency curve relates the magnitude of 
peak flow to frequency of occurrence. For this report, 
annual peak flows were used to define frequency curves 
using one of two methods:
  The Water Resources Council (WRC) method, 

which is a statistically-based analysis of 
annual peak flows recommended by the U.S. 
Water Resources Council in Guidelines for 
Determining Flood Flow Frequency: Bulletin 
17B of the Hydrology Subcommittee 
(Interagency Advisory Committee on Water 
Data, 1982).

  The graphical method, in which a frequency 
curve is fit to annual peaks plotted on a 
logarithmic probability graph.

The WRC method is preferred, but is not 
appropriate for all stations. The WRC method assumes 
annual peak flows follow a specific statistical 
distribution. However, as indicated in Bulletin 17B, 
floods do not fit any one specific known statistical 
distribution. Peak flows generated by some watersheds 
or by different types of meteorologic events may not 
conform to the assumed statistical distribution. In 
particular, the WRC method may give unacceptable 
results at stations where peak flows are appreciably 
altered by reservoir regulation. Of the stations 
presented in this report, 137 (47 percent) are classified 
as regulated or partially regulated.

Graphical methods allow more flexibility in 
defining frequency curves. Frequency curves can be 
defined that characterize the composite effects of 
watershed conditions and meteorologic events on the 
annual peaks, without any assumptions concerning 
underlying statistical distributions. However, graphical 
methods have not been standardized and do not lend 
themselves to consistent and precise reproduction by 
different analysts.

The acceptability of the WRC method for a given 
station was determined by visually comparing the 
WRC-defined frequency curve to the annual peaks. 
Even at stations with significant regulation where the 
assumptions of the WRC method are not met, the WRC 
frequency curve was accepted if the curve showed good 
agreement with the plotted peaks. The graphical 
method was used only when the WRC frequency curve 
deviated significantly from the pattern of plotted peaks.

At a few stations the frequency of the 1997 peak 
could not be determined using either the WRC method 
or the graphical method. At those stations, the 1997 
peak significantly exceeds any previous peaks and peak 
flows are subject to at least partial regulation. For 
stations with indeterminate frequency relations, a 
frequency limit (minimum recurrence interval; 
maximum exceedance probability) was estimated 
based on the length of record at the station.

Water Resources Council Method

Flood-frequency analysis using the WRC 
method assumes the logarithms of annual peak flows at 
a given station follow a Pearson Type IE probability 
distribution. A log-Pearson Type IE frequency curve is 
calculated based on the mean, standard deviation, and 
skewness of the logarithms of annual peak flows. 
Adjustments to the curve are made based on zero-flow 
years, peaks below a gage's base, regional skew 
information, low outliers, high outliers, and historic 
information. These procedures, as detailed in Bulletin 
17B, were implemented using the USGS computer 
program J407 (Kirby, 1981).

The frequency curve for Indian Creek near 
Happy Camp (station 11521500, fig. 5) was defined 
using the WRC method. Figure 5A shows a bar chart 
of annual peaks flows for Indian Creek compared 
against the magnitude of flow for selected recurrence 
intervals as determined from a preliminary 
(unadjusted) frequency curve. Figure 5B shows the 
same annual peaks compared against flows for selected 
recurrence intervals as determined from the final
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Methods



(adjusted) frequency curve. Figure 5C shows both the 
unadjusted and adjusted frequency curves for Indian 
Creek. The two curves illustrate how the frequency 
curve can be improved as a result of changes in the 
analysis based on a number of factors discussed in 
more detail below.

The analyses for this report, following the 
guidelines in Bulletin 17B, considered the following 
factors:

Period of Record

The period of record selected for analysis for 
each station should represent relatively constant 
watershed conditions. If watershed changes, such as 
construction of a major reservoir, significantly affected 
peak flows, the period of record used for the analysis 
was reduced to correspond to a period of consistent 
conditions. The period of record was reduced at 90 of 
the 292 stations (31 percent) used in this report.

Putah Creek near Winters (station 11454000, fig. 
6) is an example of the extreme effects of regulation 
that are possible. Lake Berryessa (usable capacity 
1,592,000 acre-feet) controls over 98 percent of the 
drainage area at the Putah Creek station. The bar chart 
of annual peak flows in figures 6A and 6B shows a 
distinct reduction in the magnitude of peak flows 
following the completion of the dam at the beginning of 
the 1957 water year. The change is also reflected in the 
distinct frequency curves for the periods before and 
after regulation (fig. 6C). (The suitability of a 
graphically-fit frequency curve as compared to the 
WRC frequency curve for post-regulation conditions is 
discussed below.)

As a way to quantify the relative degree of 
regulation, the ratio of usable reservoir storage capacity 
to drainage area was used. No attempt was made to 
identify usable storage specifically designated for flood 
protection. A previous study by Benson (1962a) 
concluded that, in general, usable reservoir storage of 
less than 4.5 million cubic feet (103 acre-feet) per 
square mile would affect peak flows by less than 10 
percent. Therefore, a threshold of 103 acre-feet/mi 
was used to indicate significant regulation. At Putah 
Creek near Winters, for example, the storage ratio is 
2,770 acre-feet/mi2, well exceeding the threshold. 
Stations were classified as having "none" or "minor" 
regulation (in table 2, at back of report) if usable 
reservoir storage was less than the 103 acre-feet/mi2 
threshold. They were classified as having "partial"

regulation or as "regulated" if usable reservoir storage 
was greater than the threshold.

At many stations, the degree of regulation 
continued to increase during the period of record. At 
those stations, the period of record used in the flood 
frequency analysis was reduced if the total usable 
storage increased to above 103 acre-feet/mi2 or if an 
incremental increase in storage was larger than 103 
acre-feet/mi.

Accounting for land-use changes, such as 
urbanization, or changes in reservoir operating criteria, 
which may affect peak flows, is beyond the scope of 
this report. At a few regulated stations, an obvious 
discontinuity in the magnitude of peak flows with time 
(not associated with new reservoir storage capacity) 
was used as the basis for limiting the period of record. 
A minimum of 10 years of annual peak-flow record was 
required.

Skewness

The skew coefficient calculated from the annual 
peak flows at a station (station skew) is sensitive to 
extreme events and may not be accurately defined at a 
station that has a short period of record. The accuracy 
of the skew coefficient can be improved by adjusting 
the station skew based on a generalized skew value 
computed using many stations from regions of similar 
hydrology that do not have significant regulation. 
Based on a statewide study of the magnitude and 
frequency of floods in California (Waananen and 
Crippen, 1977), the USGS (Richard M. Bloyd, U.S. 
Geological Survey, written commun., 1979) issued 
median skew values for six hydrologic regions in 
California (fig. 7), which are an alternative to the 
nationwide generalized skew map published in Bulletin 
17B (Interagency Advisory Committee on Water Data, 
1982).

At stations without significant regulation 
(regulation listed as "none" or "minor" in table 2), 
station skews are weighted with the generalized skew 
coefficients shown in figure 7 according to the 
procedures in Bulletin 17B ("WRC-Weighted" 
method). In general, the longer the station record, the 
greater the weight given to the station skew. As 
indicated earlier, regulation was not considered 
significant if the ratio of storage to drainage area was 
less than 103 acre-feet/mi2.

At stations with significant regulation 
(regulation listed as "partial" or "regulated" in table 2), 
station skews were used directly in the frequency
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1965, and 1998) are judged to be the greatest in the entire 97-year historic period. C. Unadjusted and adjusted WRC frequency curves for the 
same station showing how the frequency curve and the plotting positions of the annual peaks can be improved based on adjustments used 
in the WRC method.
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Figure 6. A. Annual peak flows for Putah Creek near Winters, California (station 11454000), before and after regulation by a large reservoir 
(Lake Berryessa). The peak flows are compared to flows for selected recurrence intervals based on pre- and post-regulation Water 
Resources Council (WRC) frequency curves. The post-regulation WRC frequency curve is not appropriate and the post-regulation 
recurrence intervals are shown for comparison only, ft Same as figure 6A except the post-regulation recurrence intervals are based on a 
graphically-fit frequency curve. Extension of the graphical frequency curve to 100- and 500-year recurrence intervals is not appropriate and 
they are shown for comparison only. C. Separate WRC frequency curves for periods before and after regulation and a graphically-fit curve 
for the period after regulation. The post-regulation WRC frequency curve and the extension of the graphically-fit frequency curve are not 
appropriate and are shown for comparison only.
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analyses ("WRC-Station" method). The effects of 
regulation on the flow regime override the regional 
hydrologic conditions represented in the generalized 
skews.

These general guidelines concerning skew 
options may not have been applied if unusual 
conditions were identified at a particular station. For 
example, if the station skew at a long-term unregulated 
station is significantly different from the regional skew 
(difference greater than 0.5) it may be appropriate to 
use the station skew directly. Or, if reservoir storage is 
not used to regulate peak flows during the flood season, 
the regional skew may be appropriate even if the usable 
storage exceeds the threshold for significant regulation.

Low Outliers

Low annual peak flows that depart significantly 
from the trend of the remaining peaks are excluded 
from the systematic record used to define the frequency 
curve. A conditional probability adjustment, as 
described in Bulletin 17B, is applied to account for 
peaks below the low-outlier threshold. (The same 
adjustment is used to account for peaks below the 
detection limit of the gage and for zero-flow years.) A 
default low-outlier threshold was initially computed for 
all stations using Bulletin 17B guidelines. The 
threshold was either accepted or adjusted based on a 
visual inspection of the annual peaks on a frequency 
plot. For example, at Indian Creek near Happy Camp 
(fig. 5), the annual peak during the exceptionally dry 
1977 water year falls below the default low-outlier 
threshold and departs from the trend established by the 
next lowest group of peaks.

High Outliers

Annual peak flows greater than the high-outlier 
threshold are treated in a special way by the analysis. 
They are considered to be a complete record of peaks 
greater than the threshold for a period (historic 
period see definition that follows) that exceeds the 
length of the systematic record. That is, no other peaks 
besides the high outliers were greater than the 
threshold during the historic period. Peaks considered 
high outliers can occur before, during, or after the 
period of systematic record. A high-outlier threshold 
can be selected by the analyst, or the analysis will 
default to the lowest historic peak if one is known. A 
high-outlier threshold is always applied in the analysis

in conjunction with a historic period. If no historic 
period is defined, a high-outlier threshold has no effect 
on the final determination of a frequency curve. Using 
Indian Creek as an example (fig. 5), based on peak-flow 
records at nearby stations, this report considers the 
three highest observed peaks (1956,1965, and 1997 
water years) to be the three highest peaks for the period 
1911-97. The high-outlier threshold was set below 
these three peaks by the analyst in order to consider that 
information in the analysis.

Historic Peaks

Historic peaks are annual peaks that occurred 
outside the period of systematic record. Historic peaks 
are available for 71 stations (24 percent). Typically, 
information on historic peaks is available because they 
were extreme events. All of the historic peaks used in 
this study were based on direct measurement or 
historical accounts. In order to influence the plotting 
position of the frequency curve, historic peaks must be 
above the high-outlier threshold and be used in 
conjunction with an extended (historic) period 
exceeding the length of the systematic record. (Simply 
adding historic peaks to the systematic record would 
adversely bias the results.) If a historic peak is less than 
the high-outlier threshold, that historic peak is not 
considered in the analysis. At Indian Creek (fig. 5), the 
1956 water year peak is a historic peak because it falls 
outside of the period of systematic data collection, 
which began in 1957. No information on prehistoric 
floods, based on geological evidence, was included in 
these analyses.

Historic Period

At many streamflow stations there is information 
about peak flows that occurred either before or after the 
period of systematic data collection. This information 
and records from nearby stations often are used to 
define an extended period during which the largest 
peak flows, either systematic or historic, are known. 
This extended historic period is used in conjunction 
with a high-outlier threshold and historic peaks, if 
available, to adjust the frequency curve. A historic 
period (with a corresponding high-outlier threshold) 
was defined for 237 (81 percent) of the stations in this 
report. The underlying assumption is that the peaks in 
the systematic record that fall below the high-outlier 
threshold are not only representative of the period of
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systematic record in which they occurred, but of the 
longer historic period as well. For the example station 
on Indian Creek (fig. 5), peak flow records at nearby 
stations indicate that the three largest observed peaks 
(systematic and historic) are the largest for at least the 
period 1911-97.

Plotting Position

There are a variety of formulas that can be used 
to compute the plotting position of annual peaks. The 
WRC method does not use plotting position to estimate 
the frequency curve and makes no recommendation 
concerning alternate plotting position formulas. 
However, the Weibull plotting position formula 
(defined in the "Graphical Method" section under 
"Plotting Position") is recognized to be analytically 
simple and intuitively easy to understand (Bulletin 
17B, by Interagency Advisory Committee on Water 
Data, 1982). The Weibull formula (including 
adjustments for historic periods) is used in Bulletin 
17B to facilitate data and analysis comparisons. 
Bulletin 17B recommends that frequency curves 
adjusted for low-outliers and historic periods be 
verified by comparison to the plotted peaks. The 
Weibull plotting position formula is incorporated into 
computer programs implementing the methods in 
Bulletin 17B. Many WRC frequency curves show 
good graphical agreement with peaks plotted at the 
Weibull plotting position.

Graphical Method

At stations where the WRC method was judged 
to give inappropriate results, a frequency curve was 
graphically fit to annual peaks on a logarithmic- 
probability graph. The curve was not fit to all of the 
annual peaks, but only to those in a limited range that 
displayed a relatively continuous trend and included 
the 1997 peak. The objective was to define a 
reasonable frequency curve in the vicinity of the 1997 
peak and not necessarily through the entire range of 
flows. The range of peaks selected for the graphical fit 
was determined based on discontinuities or changes in 
slope in the trend of the plotted peaks. Because the 
1997 peaks were so large, the range selected for the 
graphical fit generally included all of the peaks above a 
distinguishing discontinuity or change in slope.

The graphical method was applied after an initial 
analysis using the WRC method. The selection of a

homogeneous period of record and any adjustments to 
plotting positions that were part of the WRC analysis 
for each station were retained for use hi the graphical 
interpretation.

Putah Creek near Winters (station 11454000, fig. 
6) is an example of a regulated station where the 
graphical method was used. Merced River at Pohono 
Bridge nearYosemite (station 11266500, fig. 8) is an 
example of an unregulated station where the graphical 
method was used. At both stations, the graphically-fit 
frequency curves shown in figures 6C and 8C were 
used for the final frequency determination. The WRC 
frequency curves are also shown for comparison. As is 
apparent from the divergence of the plotted peaks from 
the WRC curve, the annual peaks at these stations do 
not conform to the probability distribution assumed by 
the WRC method.

Both Putah Creek and the Merced River exhibit 
discontinuities in the pattern of plotted peaks on the 
frequency graph. For Putah Creek, the discontinuity is 
the result of regulation by Lake Berryessa. For the 
Merced River, the cause of the discontinuity is not 
known. A similar pattern is found on several other 
unregulated streams draining high elevations in the 
Sierra Nevada. Annual peaks on such streams are a 
mixed population of rainfall-runoff peaks and 
snowmelt-runoff peaks. On the Merced River, the six 
largest peaks all occurred during the winter storm 
season and are presumed to be rainfall peaks. Almost 
all of the remaining annual peaks occurred during the 
snowmelt season. This is considered a possible 
explanation for the unusual frequency relation. 
However, separate analysis of rainfall runoff peaks 
would only accentuate the discontinuity. (Annual 
peaks generated by snowmelt mask even smaller 
rainfall peaks.) A mixed population of rainfall and 
snowmelt peaks does not explain the distinct flattening 
of the frequency relation at the upper end.

More detailed methods of frequency analysis are 
available for regulated stations and stations with mixed 
populations, but were beyond the scope of this study.

Plotting Position

When graphical methods were widely used prior 
to the adoption of the WRC statistical methods, the 
Weibull formula was recommended over alternatives 
(Dalrymple, 1960, Benson, 1962b; Riggs, 1968).

Methods 13
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The Weibull plotting position formula computes 
the probability of an annual peak as:

mp _ I
T (n + 1) 

where:
P = annual exceedance probability 
T = recurrence interval, in years 
m = rank of the annual peak flow with the largest

equal to 1 
n = number of years of annual peak-flow record

At stations with historic periods and associated 
high outliers or historic peaks, adjustments to the 
plotting positions (of all annual peaks) were made as 
described in Bulletin 17B (Interagency Advisory 
Committee on Water Data, 1982)

Graphical Fitting

A recognized weakness of the graphical method 
is its subjectivity, with variable results depending on 
the individual analyst. In order to reduce subjectivity, 
linear regression was used to fit a line to plotted peaks 
over a limited range. Some subjectivity remains, 
however, because not all stations have clearly defined 
breaks in the trend of plotted peaks. Selection of the 
range of peak flows to be fit remains open to 
interpretation at some stations.

The linear regression was done on the logarithm 
of flow versus transformed probability (using an 
inverse normal probability function). The regression 
line plots as a straight line on a logarithmic-probability 
graph.

Extension of the graphically-fit frequency curve 
beyond the points used in its definition is not intended. 
Careful consideration must also be given to extending 
WRC frequency curves, especially if regulation is a 
factor. It is particularly important to avoid extending 
graphically-fit curves as they lack the theoretical 
underpinnings (assumed log-Pearson Type III 
probability distribution) of the WRC method.

Both Putah Creek near Winters (fig. 6) and 
Merced River near Pohono Bridge near Yosemite (fig. 
8) illustrate the uncertainty associated with frequency 
curve extension. In figures 6C and 8C, frequency 
curves defined using the WRC and graphical methods 
are shown extended to the 500-year recurrence interval. 
At both stations the WRC and graphical frequency 
curves diverge sharply at the upper end. This 
divergence is emphasized when comparing the

magnitudes of flow for selected recurrence intervals 
that are shown in the bar charts of annual peak (figs. 
6A, B and 8A, B). For post-regulation conditions at 
the Putah Creek station, the 500-year recurrence 
interval flow from the WRC frequency curve (fig. 6A) 
is 2.7 times as large as that from the graphically-fit 
curve (fig. 6B). For the Merced River station, the 500- 
year recurrence interval flow from the WRC frequency 
curve (fig. 8A) is 1.4 times as large as that from the 
graphically-fit curve (fig. 8B). While the graphically- 
fit curve is preferred hi the range of flow of the peaks 
used in its definition, it is uncertain which curve better 
represents the frequency relation beyond the observed 
peaks. Extension of either curve beyond the observed 
peaks is not recommended.

Indeterminate Frequency Relations

At some stations, the 1997 peak flow surpasses 
the next highest peak by a large margin. At such 
stations, the frequency determination for the 1997 peak 
is, to a large degree, an extension of trends defined by 
lower peaks, and using either the graphical or WRC 
method results in a frequency that is, at best, highly 
uncertain. The uncertainty associated with an extension 
becomes critical at regulated stations because the trend 
defined by lower peaks may have little relevance to the 
true shape of the frequency curve in the range of the 
1997 peak flow. At San Joaquin River below Friant 
(station 11251000, fig. 9), for example, the 1997 peak 
flow is 3.9 times as large as the next highest post- 
regulation peak. A sufficient number of annual peaks 
with extremely high flows are not available to define 
the upper end of the frequency relation with any 
confidence using the methods of this study.

The frequency relation is classified as 
"indeterminate" at several of the stations presented in 
this report. Neither the WRC methods nor graphical 
methods were judged to give adequate results. 
However, even though a specific frequency relation 
cannot be defined using the methods of this study, 
enough information is available to make a reasonable 
estimate of a minimum recurrence interval (maximum 
exceedance probability) for those stations based on the 
Weibull plotting position formula for the 1997 peak. 
For all stations with an indeterminate frequency, the 
1997 peak is exceptionally large and plots well above 
the frequency trend defined by lower peaks. The 
assumption is that the true frequency curve passes 
below the plotted peak.
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Figure 9. A Annual peak flows for San Joaquin River below Friant, California (station 11251000). Peak flows at this station are regulated, 
with reservoir storage capacity having incrementally increased through much of its period of record. A A frequency curve graph showing 
the plotting positions for annual peaks (beginning in 1959 when the pattern of regulation stabilized) and a graphical frequency curve for flow 
between 7,000 f^/s and 16,000 fr/s only. Neither the Water Resources Council (WRC) nor the graphical methods used in this study 
adequately define a frequency curve in the range of the 1997 peak flow.
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Table 1. Analysis methods used to determine the frequency of the 1997 peak flow for stations 
presented in this report, summarized according to the degree of regulation

Analysis method

WRC-Weighted...........

WRC-Station........ .......

Graohical .....................

Degree of regulation
None
103

1

14

Minor
32 

1 

4

Partial
1 

39 

19

Regulated
0 

14 

49

Total

136 

55 

86

Indeterminate. 13 15

Total. 118 37 61 76 292

Ideally, severely regulated stations would be 
analyzed by more detailed methods. Flow records 
prior to regulation, if available, and reconstructed 
records of unregulated flow (after regulation) can be 
analyzed to define a frequency curve for unregulated 
conditions. Regulated flows of a given frequency can 
then be estimated based on the unregulated flows and 
reservoir operating criteria. Such studies, while 
beyond the scope of this report, were undertaken by the 
U.S. Army Corps of Engineers for several regulated 
basins following the 1997 floods.

Summary of Methods Used

The methods used to define the frequency of the 
1997 peak at the stations presented in this report are 
summarized in table 1 according to the degree of 
regulation. The WRC method was used at 191 stations 
(65 percent) and the graphical method at 86 stations 
(29 percent). The frequency relation was 
indeterminate at 15 stations (5 percent).

RESULTS

Preliminary determinations of the magnitude 
and frequency of the 1997 annual peak flow at 292 
streamflow gaging stations are presented in table 2.

The significant figures used to report frequencies 
are not intended to reflect a measure of true precision. 
Significant figures in excess of what may be justified by 
the actual precision of the frequency analyses were 
retained in order to allow better comparison of the 
results presented in this report specifically, when the

1997 peak was either excluded or included in the 
analysis. Any frequency determinations greater than a 
500-year recurrence interval are reported only as 
greater than 500 years (exceedance probability less 
than 0.20 percent).

Additional station information and details of the 
analyses are presented in table 3 (at back of report). 
Table 3 lists stations in order of ascending station 
number and can be used to cross-reference the listing 
by county in table 2.

SUMMARY AND CONCLUSIONS

Preliminary determinations of the magnitude 
and frequency of the 1997 annual peak flow at 292 
streamflow stations, which are presented by county in 
table 2, indicate that the 1997 peak was the largest on 
record at 106 stations (36 percent) and the second 
largest at an additional 46 stations (16 percent). The 
1997 peak was more than twice as large as the next 
highest peak at 20 stations (7 percent).

The 1997 peak flows had recurrence intervals 
greater than 100 years at 32 stations (11 percent) based 
on frequency analyses that include the 1997 peak. 
Based on analyses of the record prior to the 1997 peak, 
the number of stations increases to 49 (17 percent). 
Recurrence intervals greater than 100 years occurred 
primarily on streams draining the central and northern 
Sierra Nevada (both east and west sides) ranging from 
Tuolumne County on the south to Plumas County on 
the north. A few streams in the coast range near the 
juncture of Lake, Mendocino, and Sonoma Counties 
also had recurrence intervals greater than 100 years.

Summary and Conclusions 17



At almost all the stations, the recurrence interval 
of the 1997 peak decreased when the 1997 peak was 
included in the frequency analysis. Only 6 stations (2 
percent) show an increase in the recurrence interval of 
the 1997 peak when the 1997 peak is included in the 
analysis.

The average period of record for all stations is 41 
years (including systematic and historic peaks). At 
stations where historic periods could be defined, the 
historic periods averaged 73 years. Overall, the 
average period available for analysis at all stations is 66 
years (including historic periods where applicable).

The annual peak flow for the 1997 water year 
occurred on January 1 or 2,1997, at 214 stations (73 
percent). Peak flows on some north-coast streams 
occurred a day or two earlier. Peak flows on several 
regulated streams and those at downstream locations 
were delayed up to several days. Twenty-eight stations 
(10 percent) had an annual peak flow not associated 
with the late December/early January storms. In the 
extreme north, the annual peak on the Smith River 
occurred in mid-November. Several central-coast 
streams had annual peaks on December 10,1996 
(primarily in Santa Cruz County) or in late January 
1997. For stations with annual peaks not associated 
with the late December/early January storms, this 
report presents the magnitude and frequency for the 
early January peak (if available) as well as the annual 
peak.

Uncertainties in the frequency determinations 
vary from station to station and are not quantified for 
this report.

Summary of Table 2 Magnitude and Frequency 
of 1997 Peak Flows

Table 2 lists the magnitude and frequency of 
1997 peak flows for streamflow gaging stations by 
county. Ancillary information about the station is also 
included. The stations are located on county maps in 
figures 10-54. The following information is presented 
for each station:

1. Station Number. A number that uniquely 
identifies each streamflow gaging station. 
Permanent numbers have been assigned based 
on a downstream-order numbering system.

2. Station Name. The name of the stream and a 
nearby reference location.

3. Drainage Area. The area, in square miles, 
upstream of a station from which direct 
surface runoff from precipitation normally 
drains by gravity into the stream.

4. Regulation. The degree to which peak flows 
at the station may be regulated. The 
classification is based primarily on the ratio of 
usable reservoir storage to drainage area.

None: No identified reservoir storage.
Minor: Reservoir storage is less than 103

n

acre-feet/mi .
Partial: Reservoir storage is greater than
103 acre-feet/mi2 but generally less than
700 acre-feet/mi2.
Regulated: Reservoir storage is generally
greater than 700 acre-feet/mi2. 

The storage ratio was not the only criterion for 
distinguishing between the "partial" and 
"regulated" categories. The percentage of the 
basin subject to regulation and the degree to 
which peak flows are actually influenced by 
the storage (as evidenced by the pattern of 
annual peaks as plotted on the frequency curve 
graph) were also considered. For example, a 
station with a storage ratio of 860 acre-feet/ 
mi2 is classified as partially regulated because 
only 24 percent of the basin is subject to 
regulation by one large reservoir. Another 
station, with a storage ratio of only 310 acre- 
feet/mi2, is classified as regulated because it is 
immediately below a reservoir.

5. Period of Record. The total number of water 
years for which annual peak flows are 
available for analysis. Peaks from the period 
of systematic data collection and historic 
peaks are included. The specific years in the 
period of record are listed in table 3.

6. Historic Period. The total number of water 
years in the historic period. The historic 
period defines an extended period, beyond the 
period of record, during which the largest 
peak flows are known. The specific years in 
the historic period are listed in table 3.

(7-14) 1997 Peak. Information about the 997 
annual peak and, at some stations, a secondary 
peak that occurred in early January. (A 
secondary peak is listed only if the annual

18 Magnitude and Frequency of the Floods of January 1997 in Northern and Central California Preliminary Determinations



peak was not associated with the early 
January flooding.)

7. Date. Date of the peak flow at the gaging 
station.

8. Stage. The maximum water-surface elevation 
of the stream, in feet, at the gaging station. 
The stage (gage height) is measured relative to 
an arbitrary gage datum and does not 
necessarily represent the depth of the stream.

9. Flow. The maximum flow (discharge) of the 
stream, in cubic feet per second, at the gaging 
station.

10. Unit Runoff. The ratio of peak flow, in cubic 
feet per second, to drainage area, in square 
miles.

(11,12) Exceedance Probability. The
probability, in percent, that an annual peak 
flow of the magnitude listed for the 1997 peak 
will be equaled or exceeded in any one year. 
Exceedance probabilities determined to be 
less than 0.20 percent are reported as <0.20.

11. 1996. The exceedance probability of the 1997 
peak based on a frequency analysis that 
includes annual peak flows through only the
1996 water year. The 1997 peak is not 
included in the frequency analysis.

12. 1997. The exceedance probability of the 1997 
peak based on a frequency analysis that 
includes annual peak flows through 1997. The
1997 peak is included in the frequency 
analysis.

(13,14) Recurrence Interval. The average 
interval, in years, between annual peak flows 
equal to or exceeding the magnitude listed for 
the 1997 peak. Recurrence intervals 
determined to be greater than 500 years are 
reported as >500.

13. 1996. Recurrence interval of the 1997 peak 
based on a frequency analysis that includes 
annual peak flows through only the 1996 
water year. The 1997 peak is not included in 
the frequency analysis.

14. 1997. Recurrence interval of the 1997 peak 
based on a frequency analysis that includes 
annual peak flows through 1997. The 1997 
peak is included in the frequency analysis.

Summary of Table 3 Location and Frequency 
Analysis Information

Table 3 lists location and frequency analysis 
information for streamflow gaging stations. The 
stations are listed by station number in ascending order. 
The following information is presented for each 
station:
1. Station Number. A number that uniquely 

identifies each streamflow gaging station. 
Permanent numbers have been assigned based 
on a downstream-order numbering system.

2. County. The county in which the streamflow 
gaging station is located. On streams that 
define a county boundary, the gaging station is 
listed based on the location of the gage 
structure.

3. Latitude, in degrees, minutes, seconds.
4. Longitude, in degrees, minutes, seconds.
5. Period of Record. The specific water years for 

which annual peaks flows are available for 
analysis. Peaks from the period of systematic 
data collection and historic peaks are 
included. Historic peaks are indicated with a 
"H" following the year. The total number of 
years in the period of record are listed in table 
2.

6. Historic Period. The specific water years in 
the historic period. The historic period 
defines an extended period, beyond the period 
of record, during which the largest peak flows 
are known. The total number of years in the 
historic period is listed in table 2. (At a few 
stations, the listed historic period begins after 
the earliest year of systematic record. At 
those stations, isolated years early in the 
systematic record are considered part of the 
historic period and are included as part of the 
total number of years in the historic period as 
listed in table 2 even though not listed here as 
part of the continuous historic period.)

7. Low Threshold. One of two different values 
are listed, depending on the analysis method 
used at a particular station. For stations 
analyzed with the WRC method, the value 
listed is the WRC low-outlier threshold, in 
cubic feet per second. For stations analyzed

Summary and Conclusions 19



with the graphical method, the value listed is 
the lower limit, in cubic feet per second, of 
peak flows used to graphically-fit a frequency 
curve. No low thresholds are listed for 
stations with indeterminate frequency 
relations.

8. High Threshold. The high-outlier threshold 
used by the WRC method. The high-outlier 
threshold is used in conjunction with the 
historic period to adjust the WRC frequency 
curve and to adjust the plotting positions of 
annual peaks.

9. Analysis Method. The frequency analysis 
method used to define the frequency of the 
1997 peak:

Graphical: The graphical method was used to 
define the frequency curve in the range of the 
1997 peak.

Indeterminate: The frequency of the 1997 
peak could not be adequately defined with the 
methods used in this study.

WRC-Station: The WRC method, with the 
station skew option, was used to define the 
frequency curve.

WRC-Weighted: The WRC method, with the 
weighted skew option, was used to define the 
frequency curve.
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